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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED
Architects, engineers, and other school building planners are not the only ones who should be concerned with heating, ventilating, and air conditioning in school buildings.
Teachers and school administrators need to give this their
special attention since the impact of body comfort and discomfort on children's learning receptivity and on their
physical and mental health is becoming more and more apparent.
I.

THE PROBLEM

Statement£.!~ problem.

The purpose of this study

was to investigate our schools' need for a thermal environment
provided by air conditioning.
Importance of

~

study.

M:any accepted standards of

school building design, construction specifica-t.Lo.u.s, and
equipment need to be re-examined carefully as improved educational objectives and curriculum programs are translated into
a new organization of the school day and year.

Already, more

and more schools are holding sU111J11er school for remedial work.
Hany schools are offering preview and enrichment courses
during the summer, and these attract many students.

Extension

of the school year is a proposal being faced by schools throughout the country.

These trends are certain to necessitate
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changes in ventilating practices in public schools to provide
a thermal environment in summer and winter.
II.

DEFINITIONS OF TERl"VIS USED

,lli conditioning.

Air conditioning, as defined by

Dr. Carrier, is (13:17):
Air conditioning is the control of the humidity of
air by either increasing or decreasing its moisture
content. Added to the control of humidity is the
control of temperature by either heating or cooling
the air, the purification of the air by washing or
filtering the air, and the control of air motion and
ventilation.
Thermal environment.

A thermal environment is one

in which the temperature, air movement, and moisture are
controlled.

CHAPTER II
REVIEW OF THE LITERATURE
As yet, little research has been done in the nation's
classrooms to determine the importance of a thermal environment, the affect it may have on a child's alertness, attentiveness, and comprehension.

However, in the light of

available evidence, this subject demands careful study.
I.

NEED FOR A THERMAL ENVIRONMENT

Dr. Herrington (12:0h.III), in his study of accidents
and errors, offers evidence of the relation of temperature
and working efficiency.

Careful studies of wireless code

reception showed conclusively that mental awkwardness,
evidenced by incorr~ct reception, increases with temperature
stress.

Dr. Herrington feels this reaction to temperature

stress is primitive and deeply rooted in the nervous system
(12:68).
As evidence of the body's reflective reaction totemperature stress, Dr. Herrington points out the contrasting
postural and muscular effects of extreme hot and extreme cold.
A subject placed in a chamber cooled to sub-zero temperatures
will, after a sufficient length of time, be found in a rigid
posture, muscles contracted.

This posture represents an

involuntary action by the body.

When the air is cooled the

blood vessels constrict, decreasing the flow of blood which
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acts as a heat regulator for the body.

Prior to reaching

this rigid posture, the subject may have reacted to the cold
in a voluntary manner--perhaps by exercising to keep warm.
It is obvious, however, that the over-all reaction pattern
to an extreme cold condition is an involuntary increase in
muscle tension (12:68).
Contrast the above reaction with that of a subject
exposed to a temperature of 600 to 70° C (90 to 100 F).
There is no muscle tension or violent exercise.

Instead,

the muscles become limp and effort is required to maintain
an upright stance.

After sweating and body dehydration, the

subject will eventually sink to the floor in a spread,
relaxed position (11:68).
In the ordinary ranges of thermal discomfort, one may
voluntarily control the body.

If the temperature becomes

slightly cold one may feel an urge to move but suppress the
urge and work quietly on the task at hand.

Or, on the other

hand, if it should become too warm one may feel like relaxing and taking it easy but continue resolutely at work.
distractions, however, do not go unnoticed.

These

The effort

required to finish the work will be greater when experiencing
these unpleasant and fatiguing distractions (12:184).
What is desired in our schools, then, is "the production of thermal environments in which the involuntary component of posture maintenance is consonant with the requiremen ts" (12 :68).
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In an effort to understand the problems of providing
a thermal environment, one should examine the changes that
take place in the atmospheric environment of an unventiilated room as a result of human occupancy:

(1) The oxygen

content of the air is reduced, (2) the carbon dioxide content
of the air is increased, (3) there is given off into the air
a variable amount of partially oxidized organic matter, (4)
the temperature of the air is raised by heat liberated in
the course of the body oxidations, and (5) the humidity of
the air is increased by moisture given off in the breath
from the skin (18:181).
In considering these changes, the chemical changes
are of minor importance compared to the thermal changes.
Contrary to popular belief the reduced oxygen content of the
air is not important.

The infiltration of oxygen around

windows, through pores in brick, and through the opening and
closing of doors would maintain an adequate volume of oxygen
if there were no provisions for other ventilation (12:167).
What must be considered if a thermal environment is
to be accomplished are the following conclusions set forth
in 1905 by Flugge at Breslau.

In recent years it has been

demonstrated without question that these conclusions are
correct:
1. When conditions detrimental to health are
observable in closed and crowded rooms--such as headache, fatigue, dizziness, nausea, etc.--these symptoms
are to be attributed soley to deficient heat loss.
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2. The thermal properties of our atmospheric
environment--temperature, moisture, air movement--are
of far greater significance for our well-being than
the chemical properties of the air. The feelings of
freshness which we experience when we emerge into the
outer air, are clearly due to more effective cooling
of the body (19:182).
The rise in the temperature of an occupied room is
the result of the metabolism going on at all times in all
the living cells of the body.

The optimum heat loss from

the body is an individual matter as basal metabolism varies
generally with sex and age, being higher for males than
females and declining with advancing age.

This heat must

be liberated continuously for sustained comfort.

The rate

of heat loss will vary with age, weight, and degree of
physical activity (17:33-34).
In producing a thermal environment one must not only
be concerned with the humidity in the classroom becoming too
great but must also be concerned with the ratio of the moisture in the air to the capacity of the air, or the relative
humidity of the air.

Cool air which is warmed without the

addition of more moisture has a greater capacity than formerly
and hence increases the rate of evaporation.

If this extra

moisture is not added, classrooms will be filled with dry,
thirsty air which quickly flows around the bodies of the
children and absorbs the moisture on their skins and mucous
membranes.

As soon as this protective covering of moisture

is taken away, the skin becomes dry and parched, the face
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flushed, and mucous membrane surfaces irritated and sensitive.
This dry, hot air renders children especially liable to
contagious diseases (14:261).
Classrooms need a thermal environment to provide
comfort and remove body odors as well as to promote efficiency.
In controlled experiments to determine the relationship of
temperature to efficiency, four different atmospheric
conditions were produced:

68 degrees F. with a fresh air

supply of 45 cubic feet per minute per person, 68 degrees F.
with stagnant air, 75 degrees F. with fresh air, and 75
degrees F. with stagnant air.

The relative humidity was

kept at between 49 and 54 per cent.

The experiment was

conducted as follows by Dr. Herrington (12:171-172):
For two work periods of one hour, each of the sub~ects
lifted a five pound dumbbell through a distance of 24
feet as many times as he chose, with no urging from the
observer, but with a small incentive bonus (beyond his
regular salary) on the basis of the amount of work performed, as recorded by an automatic counter. The results,
for four subjects for over a period of twenty days were
as follows:
Condition
Foot Pounds of Work
Condition
:F1oot Pounds of Work

Cool Plus
Air

Cool
Stagnant

26,711

24,395

Warm Plus
Air

Warm Stagnant
Air

22,771

20,481

The facts are impressive; most work was accomplished
in cool, fresh air.

In cool, stagnant air the maximum work

was reduced by 9 per cent, by 15 per cent in warm air with
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movement, and by 23 per cent in the warm, stagnant air.

Thus,

an increase in air temperature from 68 degrees to 75 degrees
F. with the elimination of air movement cut down the work
accomplished by nearly one-quarter (12:177).
In a classroom, discomfort due to a poor thermal environment means inattention, restlessness, poor behavior habits,
a minimum of ability to maintain sustained attention to any
mental task, and decreased efficiency.

Such discomfort means

the public is not getting the full value out of the educational dollar.
II.

HOW AIR CONDITIONING PROVIDES A
THER.JyIAL ENVIRONMENT

A plant alone does not make a school, but modern equipment certainly helps to provide a good learning atmosphere in
the classroom.

Air conditioning serves to further this by

providing a thermal environment.
The term air conditioning has been loosely applied to
all kinds and types of apparatus.

Many of these function to

maintain only some portion of that really required for true
air conditioning.

An air conditioning unit is "a specific

air treating combination consisting of means for ventiliation,
air circulation, air cleaning, and heat transfer with control
means for cooling and maintaining temperature within prescribed limits" (1:1).
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An air conditioner must have a fresh air intake.

The

air taken into the fresh air intake should be as pure as
possible, for while the system will remove the undesirable
dust particles by means of filters, the added work to purify
the air places an additional burden on the system and the
result is an increase in cost of operation (1:639).
After the fresh air has been brought into the building, it generally goes through a mixing chamber for the
purpose of recirculating a portion of the air within the
building.

In the summer the cooled air and in the winter

the heated air is circulated throughout the building at an
even temperature.

Thus, "cold spots" or "hot spots" are

avoided (1:640-43).
All air conditioning units must have some means to
provide for air filtration.

The normal human being breathes

about seventeen times a minute.

In a room that is not air

conditioned, the air taken into the lungs may contain large
quantities of dust, soot, germs, bacteria, and other matter
detrimental to a person's health.

Most of the solid matter

is removed in the nose and air passages of a person if these
passages are moist.

However, if they are dry and permit the

materials to pass, colds and other respiratory diseases may
result (12:0h.VII).

An air conditioning apparatus not only

removes these contaminents from the air but also provides
the correct amount of moisture so that the respiratory tracts
are not dehydrated but are kept properly moist.
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Air conditioning provides a means of removing heat
gains present in all rooms.

These heat gains are caused

by (1) heat transmission through walls, glass, ceilings, and
floors when the temperature on the room side of these surfaces
is less than that on the outside; (2) radiation through
materials, such as glass, which are transparent directly to
solar radiation; (3) heat released by infiltering warm air
in cooling to room temperature; (4) heat released by human
occupants; and (5) heat from lights (9:171-72).
This heat gain may be removed in numerous ways.

Some

systems use water coils through which the air is circulated.
This lowers the air temperature and condenses moisture on
collecting coils, from which the moisture is drained to an
outside location.
If the water can be obtained at a low temperature, as
is the case in many northern cities, it may be employed,
only requiring a pumping apparatus to lift it out of the
ground.

Where it is difficult to secure water of proper

temperature or where it exists so deeply underground that
pumping costs would be excessive, it becomes necessary to
use refrigerants in the coils (l:613).
In air conditioning systems various automatic controls
are used.

These controls serve as the brain, nerves, and

muscles of the air conditioning system.

The prime function

of the temperature control system is to maintain a predetermined thermal environment with the minimum attention and
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,

expenditure of labor by teacher and custodian (16:117).
Automatic controls, developed with a wide range of
sensing, thinking, and operating elements, will respond to
and correct such minute changes in temperature as that
caused by shifting wind or a passing cloud.

Some temperature

controls will conserve fuel and avoid over-heating by sensing
outdoor temperature changes and by changing water or steam
temperatures to anticipated indoor change~.

Others will

sense excessive dryness or uncomfortably high relative
humidity (10:56).
These controls will maintain a safe minimum temperature at night with the outdoor air shut out by dai11pers.
Early in the morning they respond to a clock and heat up the
room to the desired comfortable temperature before the teacher
and students arrive.

Then, as the classroom's temperature

begins to reflect the combined heating iufluences of the
children, the artificial lighting, and the sun, the controls
will reduce the temperature of the heating medium and gradually admit a quantity of outdoor air.

This outdoor air is

blended with air reentering the air conditioner from the
classroom to produce a predetermined temperature slightly
below that desired in the room (l:Ch.XXXIV).
In placing air conditioning in schools, consideration
must be given to the needs of winter and summer.

During the

winter there needs to be provided sufficient outdoor air at
all times to prevent odor formation and to control winter
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time humidity.

If the method of wintertime ventilation

err.ployed provides this, then all that is needed to complete
a good school air conditioning system is a means for cooling
and drying the air supplied to the rooms in summer. In fact,
this is usually all that is needed to convert a really adequate system of wintertime ventilation to the function of
year-around air conditioning.

Good winter ventilation and

warm-weather cooling are distinctly compatible (19:52-55).
In new construction of school buildings, mechanical
ventilation of both the central fan or unitary type can be
installed so that the addition of refrigeration cooling at
a later date is a simple matter.

And by the same token, such

systems can readily be equipped for warm-weather cooling at
the start.

Existing central fan systems may have air con-

ditioning added in a form that utilizes the same air distribution ducts to get the cool air to the classroom in warm
weather.

Existing unit ventilator systems must be equipped

with cooling type coils for chilled-water cooling and hot
water heating and a pan attached for catching hot weather
moisture, in order to provide a year-around air conditioner
(6:52-55).
The ideal air conditioning system has gained impetus
by the change in school design to the compact building.

This

type of building has a low perimeter with many windowless
interior rooms.

The temperatures in the interior rooms will

not be so affected by variations in outside temperature or
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direct solar heat as rooms on the building's perimeter,
especially rooms with large expanses of glass.

The interior

rooms will need cooling most of the year; the heat produced
by occupants and lights will help heat the rooms, and once
heated they will tend to retain heat.

The different heat-

ing and cooling demands in this type of building has brought
the need for a system which can heat and cool at the same
time (15 :47-50).
No one air conditioning unit can be prescribed for
all school buildings.

The type of air conditioning to be

installed will vary from district to district as individual
differences are taken into consideration.

CHAPTER III
SU.MI-'.LARY AND CONCLUSIONS
I.

SUMMARY

With the growing body of evidence concerning the relationship between learning and a thermal environment, it will
be only a matter of time before air conditioning will be
considered a necessity in school buildings rather than the
luxury it is now thought to be.
Dr. Herrington's work in this field has shown that
both working and learning efficiency decreases with departure
from the optimum thermal environment.

If a student is too

warm or too cold the distractions as a result of this will
interfere with accomplishment of the task at hand.

Therefore,

the maintenance of a thermal environment is an important
factor if the most productive use is to be made of teaching
time.
Air conditioning provides for an environment in which
the temperature, humidity, air movement, and air filtration
can be controlled.

With automatic controls man can bring

ideal atmospheric conditions into enclosed places.

It is

becoming a reality that this equipment can be obtained at
prices that are not prohibitive, and therefore may be made
available for installation in public schools.
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II.

CONCLUSIONS

Although the use of air conditioning in school buildings is relatively new, the number of air conditioned schools
is growing yearly in all areas of the country (4:13-15; 5:13).
It is unfortunate that no really objective studies
of the educational value of air conditioned schools are
available.

The allocation of school funds is always such

a controversial subject that whenever the subject of air
conditioning in schools is discussed, a debate usually ensues.
However, if one looks at the matter dispassionately, evaluating the evidence available in terms of educational outcomes, and views air conditioning as the next logical step
in man's effort to control his environment, he will have to
concede that it will be only a matter of time before school
buildings will be air conditioned as a matter of course.
School building air conditioning will not come as
rapidly as air conditioned homes or offices because of the
cost involved.

Even today, however, some schools have had

to air condition the office areas in their buildings because
of the year-around use of these facilities by clerical and
other staff personnel.

If the trend toward a longer school

day and a longer school year is accelerated in the coming
years, and if greater use is made of the schools for adult
education, then air conditioning will become a necessity
justifiable on the basis of this expanded use.
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